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A b s t r a c t
The parameters of the birch pollen seasons in Cracow 
in 1991-2008 were analysed in relation to some meteorological 
elements and synoptic situations (circulation types, air masses 
and atmospheric fronts). Two types of the pollen seasons were 
distinguished – highly dense and less dense. The first type of 
the season started on the 15th of April (on average), lasted 11-20 
days and the maximum daily concentration exceeded 500 pgm-3. 
The less dense type started generally earlier (the first decade of 
April), lasted more than 20 days and the peak days were unsta-
ble. In this type of the pollen season, two peak days were often 
observed. The relationship between the type of the season and 
the meteorological conditions before the season was pointed 
out. Additionally, the influence of circulation types, types of 
air masses and atmospheric fronts over south-eastern Poland on 
a given day on the number of days with a daily concentration > 
80 pgm-3 was analysed. The relationship between the pollen sea-
son type and meteorological conditions before the season was 
found, among others, the influence of types of synoptic situa-
tions and air masses on the number of days with a concentration 
of over 80 pgm-3 was established.
Key words: aerobiology, Betula, pollen season types, meteoro-
logical conditions, Cracow
INTRODUCTION
Blooming, pollen release and development 
of birch leaves occur almost simultaneously, usually 
in April. In Poland two of the most common species 
of birch are found (Betula pendula Roth and Betula 
pubescens Ehrh.) (S e n e t a  and D o l a t o w s k i , 
2007).
Birch pollen allergens cause inhalant allergy 
in the North and Central Europe, including Poland 
(D ’ A m a t o   et al. 2007). S p i e k s m a  (1991) and 
M a t t i e s e n   et al. (1991) consider birch pollen as 
highly allergenic. In Poland about 50% of patients with 
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pollen allergy is sensitive to birch pollen, but about 10-
15% of this group is monosensitive to these allergens 
(M a ł o l e p s z y   et al. 2000). 
For medical and scientific purposes, pollen 
monitoring has been performed in Cracow since 1982 
(S z c z e p a n e k , 1994). In the years 1982-1997 the 
gravimetric method was used, whereas in 1991 the vol-
umetric method was introduced (M y s z k o w s k a , 
2006). The results of pollen monitoring in Cracow 
showed that the birch pollen had the highest percent-
age among tree pollen (M y s z k o w s k a  et al. 2007). 
There is a significant relationship between Betula pol-
len season severity and weather conditions (daily aver-
age temperature and rainfall), both in the year before 
pollination and in the same year that pollen is released 
from the plant. In addition, the Betula pollen seasons 
in Cracow do not appear to be influenced by the NAO 
(North Atlantic Oscillation), which is probably the 
result of Cracow having a more continental climate 
(S t a c h   et al. 2008). 
The aim of this study was to define some regu-
larity of the long series of pollen data in Cracow and 
to find the relationship between some parameters and 
meteorological elements and synoptic situations.  
MATERIALS AND METHODS
The daily pollen concentration was obtained 
by the volumetric method in 1991-2008. The Hirst-
type sampler was located in the centre of Cracow on the 
roof of the Collegium Śniadecki building, near the Bo-
tanical Garden (50°04’N, 19°58’N, 25 m above ground 
level (AGL). The pollen seasons were calculated using 
the 95% method. The start of the season was defined as 
the date when 2.5% of the seasonal cumulative pollen 
count was trapped and the end of the season as the date 
when 97.5% of the seasonal cumulative pollen count 
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was reached (N i l s s o n  and P e r s s o n , 1981). The 
following seasonal parameters were used to character-
ize the pollen season dynamics and the variability of 
the seasons: season start and end dates, season duration, 
annual pollen total and peak concentrations, as well as 
meteorological elements such as: air temperature, rela-
tive humidity, relative sunshine duration, wind. They 
were described using classical statistical parameters, 
like: minimum and maximum values (min, max), arith-
metic mean ( x ), standard deviation (s), coefficient of 
variation (V%). The Department of Climatology at 
the Jagiellonian University provided us with meteoro-
logical data recorded at the weather station located in 
the immediate vicinity of the monitoring site. Addi-
tionally, the catalogue of synoptic situations for each 
day, where synoptic situation type, kind of air masses 
and atmospheric fronts were defined in the upper Vis-
tula river basin in Southern Poland (N i e d ź w i e d ź , 
2009), was used in the analysis. 
RESULTS
In Cracow, in 1991-2008 the birch pollen sea-
sons started most often in the first half of April (ap-
prox. on the 13th of April) (Tab. 1). The earliest start 
was in 2002 (29th of March), the latest in 1996 (24th 
of April) (Tab. 1, Fig. 1). The pollen season end dates 
were more variable comparing to the start dates. The 
season end date was observed between the 20th of April 
(1999) and 5th of July (1996). Most often the season 
was over in the first half of May (approx. on the 7th of 
May) (Tab. 1). On average, the season lasted 24 days 
(Tab. 1). The shortest seasons were noted in 1993 and 
1995 (11 days), the longest one in 1996 (72 days) (Tab. 
1, Fig. 1). 
With regard to the start and end pollen season 
dates, as well as duration of the season, two types of 
birch pollen seasons were recognized (Tab. 1). The first 
type of highly dense occurrence started in the second 
Table 1
The descriptive statistics of the birch pollen season parameters in Cracow in the period 1991-2008.
*start and end of the season calculated on the basis of 95% method
Parameter 
value
Annual 
pollen sum
Maximum daily concentration Season start* Season end*
Season duration 
(number of days)Pollen 
concentration
Day of 
the year
Date
Day of 
the year
Date
Day of 
the year
Date
All analysed pollen season in 1991–2008
min 803 119 108 18.04 88 29.03 110 20.04 11
max 8649 2009 103 12.04 114 24.04 186 5.07 72
x 3078.6 691.1 – – 103 13.04 127 7.05 24
s 2279.6 521.9 – – 7.0 – 15.5 – 14.5
V% 74.0 75.5 – – 6.8 – 12.2 – 59.5
More dense pollen seasons (1992–1995, 1999–2001, 2003 i 2005)
min 959 210 106 15.04 94 4.04 110 20.04 11
max 8649 1729 114 24.04 112 22.04 123 3.04 19
x 3176.4 754.2 – – 105 15.04 120 30.04 14.6
s 2408.7 501.1 – – 5.2 – 4.0 – 2.7
V% 75.8 66.4 – – 5.0 – 3.3 – 18.6
Less dense pollen seasons (1991, 1996–1998, 2002, 2004, 2006–2008)
min 803 119 108 18.04 88 29.03 118 28.04 21
max 7468 2009 103 12.04 114 24.04 186 5.07 72
x 2980.7 628.0 – – 100 10.04 134 14.05 34.3
s 2138.2 534.5 – – 7.3 – 19.1 – 14.8
V% 71.7 85.1 – – 7.3 – 14.2 – 43.2
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Symbol Name Frequency (%)
Circulation types
E+SEa Anticyclonic situations with advection of air masses from east and south-east 18.0
Ca+Ka Central anticyclonic situation, anticyclonic wedge 16.1
Cc+Bc Central cyclonic situation, trough of low pressure 16.1
S+SWc Cyclonic situations with advection of air masses from south and south-west 10.6
S+SWa Anticyclonic situations with advection of air masses from south and south-west 9.3
E+SEc Cyclonic situations with advection of air masses from east and south-east 8.1
W+NWc Cyclonic situations with advection of air masses from west and north-west 8.1
W+NWa Anticyclonic situations with advection of air masses from west and north-west 6.2
N+NEa Anticyclonic situations with advection of air masses from north and north-east 3.1
N+NEc Cyclonic situations with advection of air masses from north and north-east 1.2
x Unclassified situation 3.1
Air masses
PPk Polar continental 32.3
PPms Polar maritime old (transformed) 29.8
PPmc Polar maritime warm 11.2
PPm Polar maritime (fresh) 9.9
rmp Various air masses in day 8.7
PZ Tropical air masses 6.2
PA Arctic air masses 1.9
Atmospheric fronts
– Day without front 65.3
z Cold front 11.8
c Warm front 9.9
st Stationary front 6.2
r Several various fronts in a day 4.3
o Occluded front (occlusion) 2.5
Table 2
The frequency of the days with the birch pollen concentration over 80 pgm-3 in Cracow in the period 1991-2008 in the defined 
types of synoptic situations, air masses and atmospheric fronts (acc. to Niedźwiedź’s catalogue).
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Fig. 1. Birch pollen seasons in Cracow in the period 1991-2008 (calculated using the 95% method).
Fig. 2. Daily birch pollen concentrations and maximum (tmax) and mean air temperature (tmean) in Cracow in 1993 – an example 
of highly dense pollen type.
Fig. 3. Daily birch pollen concentrations and maximum (tmax) and mean air temperature (tmean) in Cracow in 1991 – an example 
of less dense pollen type.
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Fig. 4. Daily birch pollen concentrations and maximum (tmax) and mean air temperature (tmean) in Cracow in 1996.
Fig. 5. Annual birch pollen sums in Cracow in the period 1991-2008. 
Fig. 6. Values of birch peak concentrations in Cracow in the period 1991-2008. 
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half of April (approx. on the 15th of April), lasted 11-20 
days and the maximum concentration was higher than 
500 pgm-3 (it was less variable than in the second type, 
V%=66.4) (Tab. 1). This type occurred in Cracow in 
the following years: 1992-1995, 1999-2001, 2003 and 
2005 (Fig. 2). The second pollen season type (less 
dense) started earlier in the first decade of April (ap-
prox. on the 10th of April) and lasted more than 20 days 
(approx. 34 days) (Tab. 1). The seasons of the second 
type were characterized by high variability of the peak 
day dates (V%=85.1), although there was a low vari-
ability of the annual total (V%=71.7) (Tab. 1). These 
seasons occurred in the following years: 1991, 1996-
1998, 2002, 2004, 2006-2008. In this type of the sea-
son, a second peak day was often found (Fig. 3). 
The pollen season in 1996 was not typical. It 
started very late and rapidly (230 pgm-3 in the first day) 
and lasted very long (72 days) (Fig. 4). The most pol-
len grains were observed in the first 11 days of the sea-
son, so it was the first type of the season. 
The highest annual pollen sum was achieved in 
2003 (more than 8000 pgm-3), the lowest in 1997 (803 
pgm-3) (Fig. 5). The annual sums were slightly higher 
in the first season type (mean annual total for the first 
type = 2408.7; for the second type = 2138.2) (Tab. 1).
No evident relationship between the peak value 
and season type was found. The highest peak value was 
noted in 2008 (2009 pgm-3), while the lowest in 2002 
(199 pgm-3). Both these seasons were classified as 
less dense. Also, a higher variability of the peak value 
was estimated in the fist type of season (V%=66.4), in 
comparison with the second type of season (V%=85.1) 
(Tab. 1).
Fig. 7. The number of days with daily birch pollen concentration over 80 pgm-3 in Cracow in the period 1991-2008. 
In the analysed seasons in Cracow, a different 
number of days with a daily concentration > 80 pgm-3 
was noted, from 1 (in 1997) to 17 (in 2006 and 2008) 
(Fig. 7). The days with pgm-3 > 80 were noted when 
there occurred anticyclonic situations with the advec-
tion of air masses from east or southeast (E+SEa), 
central anticyclonic situation or anticyclonic wedge 
(Ca+Ka) and central cyclonic situation or cyclonic 
trough (Cc+Bc) (Tab. 2). These synoptic situations as 
well as fresh and transformed air masses are precisely 
predicted by meteorologists. The days with a concen-
tration of over 80 pgm-3 occurred when polar conti-
nental (PPk) or polar maritime transformed air masses 
(PPms) were coming to the south-eastern part of Po-
land. In 65.3% of the days in question, atmospheric 
fronts did not occur (Tab. 2). 
DISCUSSION
During aerobiological monitoring, pollen grains 
of few different birch species were identified. In Cra-
cow and its close vicinity B. pendula dominates. B. pu-
bescens grows only on single sites in the Niepołomice 
forest and in the north-western part of Cracow.  B. pen-
dula starts to bloom in the second part of April to the 
end of May, while B. pubescens about two weeks later 
than B. pendula (S e n e t a  and  D o l a t o w s k i , 
2007). 
In spite of the difference in florescence of par-
ticular species, the birch pollen season is rather dense, 
with one evident peak day (S z c z e p a n e k , 1994; 
L a t a ł o w a  et al. 2002; M y s z k o w s k a  et al. 
2007). The pollen season pattern is asymmetric and 
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skew to the right. In the opinion of H y d e  (1956), the 
birch pollen season is of dense occurrence type. The 
number of pollen grains in the air increases gradually, 
reaching the peak concentration, and then declines. 
On the basis of the season duration and peak 
value, the authors divided the seasons into two groups. 
The more dense season started later (second part of 
April) in relation to the mean start date. In the days 
preceding the start date, maximum air temperature 
exceeded 17oC (mean air temperature about 10oC), 
relative humidity was lower than 70% and relative 
sunshine duration was over 50%. Simultaneously, an 
anticyclonic situation with the advection of polar mari-
time transformed (PPms), warm (PPmc) or polar con-
tinental (PPk) air masses occurred in the south-eastern 
part of Poland. These air masses, coming to Poland in 
spring, cause usually warm, sunny and a little cloudy 
weather. They are relatively dry, usually with no rain-
fall or in case of PPms with low precipitation (W o ś , 
1999; T w a r d o s z , 2005). PPms, PPmc and PPk air 
masses occurring in the south-eastern part of Poland 
for several days are the reason for fast vegetation de-
velopment. However, arctic (PA) and polar maritime 
(PPm) air masses, found in spring, cause coolness 
with possible ground frost which could stop vegetation 
development. 
The second season type, less dense, occurs ear-
lier (first decade of April) and it usually follows weath-
er patterns in March (high temperature). However, at 
the end of March and at the beginning of April weather 
is usually variable. Then, a few-day-long coolness oc-
curs which extends the pollen season. More than once 
the coolness was the reason for the increase in pollen 
concentration once again (the second peak). 
The pollen season in 1996 was a different one. It 
started very late and lasted the longest due to meteorologi-
cal factors prevailing at that time. In the first half of April, 
there was still a snow cover in Cracow, minimum tem-
perature was below 0oC and maximum temperature ex-
ceeded 10oC during the day only sporadically. On the 17th 
of April, the weather changed and then the ground frost 
was over and maximum temperature exceeded 20oC. 
On the 17th of April the weather changed and 
then the ground frost was over and maximum air tem-
perature increased above 15oC (mean air temperature 
exceeded 10oC).
Such a long-lasting pollen season in Cracow 
and its close vicinity, when the florescence of birch 
was over, evidenced the long-distance transport of 
birch pollen grains. These pollen grains are very light 
and of aerodynamic shape, which favours their distri-
bution for long distances. Meteorological factors can 
also influence pollen distribution patterns. An aver-
age distance of birch pollen distribution is 117.7 km 
(D y a k o w s k a , 1959).
When an anticyclonic situation occurs in south-
eastern Poland, the wind blows from southerly or east-
erly directions and relative humidity of the air is low, 
then pollen grains are transported to the Cracow area 
from the Bieszczady Mountains where the birch flores-
cence occurs later. The long-lasting presence of pollen 
grains in the air could be also caused by redeposition.
The annual pollen totals seem to be very varia-
ble from year to year, especially in case of tree pollens. 
The authors did not observe the alternate cycle of high 
and low annual totals indicated by L a t a ł o w a   et al. 
(2002). It is clearly seen that the annual totals were 
lower in the period 1991-2000 than in 2001-2008. 
Rather, it is not associated with the increase in the 
birch population in Cracow, but with the optimal me-
teorological conditions. The number of pollen grains 
in the season is dependent on weather conditions in 
the preceding year when the sporogenic tissue starts 
to develop (S a r v a s , 1972). 
On the basis of many years’ aeropalinological 
observations at different sites in Europe, annual pollen 
concentration trends were defined. Weak increasing 
trends were observed by J ä g e r   et al. (1991) in Brus-
sels (Belgium) and Leiden (Netherlands), by R u f f a l -
d i i  and G r e f f i e r  (1991) in France (multi-center 
study), by C o r d e n   et al. (2000) in London (UK) and 
by P u c (2006) in Szczecin (Poland). The last men-
tioned author explained that her results required con-
firmation in the coming years. No relationship between 
the annual pollen total and season duration was found, 
which was observed by L a t a ł o w a   et al. (2002) and 
S p i e k s m a   et al. (1995).
For patients sensitive to birch allergens, infor-
mation about the peak value and the threshold value 
are important (T a u d o r f  and M o s e h o l m , 1988). 
Unfortunately, the estimation of the threshold value is 
difficult, because it highly depends on personal sen-
sitivity (N o r m a n, 1969). V i a n d e r  and K o i -
v i k k o  (1978) indicated that at the beginning of the 
season, in 90% of patients sensitive to birch allergens 
the allergy symptoms started when the daily pollen 
concentration exceeded 80 pgm-3. Later in the season, 
only 30 pgm-3 was enough to induce the symptoms. In 
this paper, the number of days with pgm > 80 was sim-
ilar in both types of the season. Similar results (1-14 
days) were obtained by S t a c h  et al. (2008) who com-
pared the seasonal parameters in Cracow and Poznań. 
In Cracow the number of days with a concentration
> 80 pogm-3 was lower than in Poznań and an increas-
ing trend in annual pollen concentration changes in 
1995-2005 was found (statistically not significant). 
The analysis of daily pollen concentrations with 
regard to some types of synoptic situations, the influence 
of defined air masses and atmospheric fronts is a new 
approach to explain the variety of the pollen seasons. 
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Precise forecasting of some synoptic situations by mete-
orologists may be useful for seasonal predictive model 
construction. In the authors’ opinion, such an analysis 
of birch pollen seasons at other sites in Poland would be 
of great value. It is likely that the relationship between 
pollen concentrations and synoptic situations could also 
appear in the other regions of the country.  
CONCLUSIONS
1. The analysis of the birch pollen seasons in Cracow 
in 1991-2008 indicated differentiation of the sea-
sonal parameters (season start and end dates, sea-
son duration, number of days with a concentration 
over 80 pgm-3).
2. Two types of the pollen season were distinguished: 
highly dense and less dense.
3. The relationship between the type of the pollen sea-
son and meteorological conditions before the sea-
son was found.
4. The influence of different types of synoptic situa-
tions, air masses and atmospheric fronts on a given 
day in south-eastern Poland on the number of days 
with a concentration over 80 pgm-3 was estab-
lished. 
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Charakterystyka sezonu pyłkowego
brzozy (Betula L.)
w Krakowie na tle warunków
meteorologicznych
S t r e s z c z e n i e
W pracy dokonano analizy zróżnicowania para-
metrów sezonów pyłkowych brzozy w Krakowie w la-
tach 1991-2008 w zależności od przebiegu wybranych 
elementów meteorologicznych i sytuacji synoptycz-
nych (typów cyrkulacji mas powietrza i frontów atmo-
sferycznych. Wyróżniono dwa podstawowe typy sezo-
nu pyłkowego brzozy – bardzo zwarty i mniej zwarty. 
Pierwszy rozpoczynał się średnio 15 kwietnia, trwał 
przez 11-20 dni a maksymalne dobowe stężenie naj-
częściej przekraczało 500 ziarn/m3. Drugi typ sezonu 
rozpoczynał się wcześniej (w I dekadzie kwietnia lub 
wcześniej), trwał ponad 20 dni i charakteryzował się 
większą zmiennością maksymalnego dobowego stęże-
nia ziarn, często z występowaniem wtórnego maksi-
mum. Stwierdzono związek pomiędzy typem sezonu 
pyłkowego a warunkami meteorologicznymi panują-
cymi w okresie poprzedzającym sezon oraz wykazano 
wpływ typów cyrkulacji, rodzaju mas powietrza i fron-
tów atmosferycznych przechodzących w danym dniu 
nad południowo-wschodnią Polską na występowanie 
dni z dobowym stężeniem pyłku brzozy powyżej 80 
ziarn/m3, podczas których nasilają się objawy alergicz-
ne u osób uczulonych. 

